Introduction
Parasitic nematodes, as all other organisms, are genetically and phenotypically diverse. The genetic diversity of animal parasitic nematodes has begun to be investigated in some detail and this information has been used to explore their population genetics. All of this work has recently been thoroughly reviewed by Anderson et al. (1998) . However, the phenotypic diversity of animal parasitic nematodes has been investigated much less thoroughly. This chapter will begin to redress the imbalance and will consider three examples of phenotypic diversity of animal parasitic nematodes. It will then extend this theme by speculating on the existence of diversity in other phenotypes that have yet to be investigated. In doing so it is hoped to show why investigating and understanding this aspect of the biology of parasitic nematodes is important to the proper understanding of this important group of pathogens, but it is also an exciting research challenge for the future. development, eggs passed in the faeces moult through two larval stages into infective third-stage larvae (iL3s), which infect new hosts. In heterogonic development, larvae moult through four larval stages, finally maturing as free-living adult males and females. These reproduce by conventional sexual reproduction and the female then lays eggs (Viney et al., 1993) . The larvae that hatch from these eggs moult to iL3s, as in homogonic development. For S. ratti, there is only one free-living generation and the progeny of this generation always moult into iL3s. Both the heterogonic and homogonic developmental pathways can be undergone by the progeny of a single parasitic female (Graham, 1938; Viney et al., 1992) . Thus, young larvae have a developmental choice between homogonic and heterogonic development.
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Diversity in Developmental Route
Different populations of S. ratti vary in their developmental propensity. This can be seen by measuring the relative proportion of heterogonic and homogonic development that occurs during an infection. This is measured by the homogonic index (Hi), which is the proportion of worms that develop by the homogonic route, such that if all worms develop via this route, Hi = 1 (Viney et al., 1992) . Isofemale lines (a line of parasites derived from a single iL3) from different geographical origins differ in their developmental propensity during an infection ( Fig. 5.2 ). Isofemale lines of UK isolates (e.g. ED40) develop almost exclusively by the homogonic route throughout an infection (Fig. 5 .2) (Viney et al., 1992; Fisher and Viney, 1998) . Isofemale lines of isolates from Japan (ED53 and ED54) develop homogonically at the start of an infection. As the infection progresses, more heterogonic development occurs. However, the magnitude and rate of this increase in heterogonic development is reproducibly characteristic of each line but different between the two lines. An isofemale line from an American isolate (ED5) shows the same increasing heterogonic development during an infection but at a rate greater than in any other isofemale line examined (Viney et al., 1992) . These observations show that different parasite lines have different inherent developmental propensities. Thus, there is phenotypic diversity in this trait. These differences are probably adaptations to the environments found in the different geographical locations from which these lines were isolated.
Artificial Selection for Developmental Route
Developmental propensity can also be selected for. the developmental route of larvae whose parents were either parasitic females or free-living females, was significant (Viney, 1996) . A similar selection regime on a different isofemale line (ED132) showed that a significant response to the selection regime occurred after just 14 generations (Viney, 1996) . These results show that the trait under selection, 'developmental route', is heritable and therefore that it has a genetic basis. It also shows that the isofemale lines subjected to the selection regime contained variation for this trait.
The Environment and Developmental Route
Observations on many species of Strongyloides have shown that the conditions to which young larvae are exposed affect their developmental route (Schad, 1989) . For S. ratti, one such factor is the temperature at which L1s and L2s are maintained, with homogonic development favoured at lower temperatures and heterogonic development at higher temperatures (Viney, 1996) . Lines selected for heterogonic or homogonic development (above) both show the same direction of response to temperature, but the magnitude of the effect and the range over which it occurs is different for the selected lines (Viney, 1996) . Closer inspection of the developmental response to temperature shows that it is actually due to a developmental choice between alternative female morphs, namely free-living females and homogonic iL3s (Fig. 5.1) (Harvey et al., 2000) . Comparison of the proportion of larvae that develop into each of three morphs (free-living males, free-living females and iL3s which developed by the homogonic route of development; Fig. 5.1 ; Viney et al., 1992) at 19 and at 25°C shows that the proportion of larvae that develop into free-living males is constant between the two temperatures, but that the proportion of larvae that develop into free-living females or iL3s which developed by the homogonic route of development changes between the two incubation temperatures. This, combined with other data (Harvey et al., unpublished) , has shown that the parasitic female produces offspring of two chromosomal sexes. Genetically male larvae develop into free-living males only. Genetically female larvae develop into free-living females or homogonic iL3s. The developmental choice of female larvae is affected by the temperature experienced by early-stage larvae, with development into free-living females favoured at higher temperatures and homogonic development into iL3s favoured at lower temperatures.
Phenotypic Plasticity in Response to Temperature
The development of isofemale lines selected for different developmental routes is affected by temperature, but the magnitude of the effect differs between different selected lines. To explore why this difference occurs, the concept of phenotypic plasticity can be useful. Phenotypic plasticity is when a particular genotype has the capacity to produce a different phenotype in response to a change in the environment. The discrete change between alternative morphs, as seen with S. ratti, is known as developmental conversion (Smith-Gill, 1983) . The difference between the phenotypes in the different environments is known as the sensitivity or the reaction norm of the response. In this example with S. ratti, the sensitivity is the difference in Hi at two temperatures. The sensitivity can most easily be thought of as the slope of a line describing the developmental response in the two environments. These data for two lines selected for heterogonic development (ED5 Heterogonic and ED248 Heterogonic) and for two lines selected for homogonic development (ED5 Homogonic and ED132 Homogonic) at 19 and 25°C temperature treatments are shown in Fig. 5 .4. These data show that ED248 Heterogonic has the greater sensitivity (i.e. the line is steeper) compared with the other lines. More generally, this suggests that lines 88 M.E. Viney selected for heterogonic development may have greater temperature sensitivity than lines selected for homogonic development. How has this difference in sensitivity come about? These isofemale lines were selected for propensity of developmental route and the selection clearly affected this trait (Fig. 5.3) . However, these lines also vary in their temperature sensitivities, a trait for which they were not directly selected. This difference may be a direct consequence of the response to the selection to which the lines were subjected. That is, lines that predominantly undergo homogonic development have, for some reason, a low temperature sensitivity and, conversely, lines that predominantly undergo heterogonic development lines have greater temperature sensitivity. An alternative reason for the difference in sensitivity of the selected lines may be that the selection regime that was applied selected on the target trait (developmental propensity) but, in addition, it inadvertently or cryptically selected on the trait of 'temperature sensitivity'. From these observations, the reason for the difference in temperature sensitivity is not known and indeed separating genetic correlation of traits from correlation of cryptic selection needs to be approached with caution (Hill and Caballero, 1992) .
The Molecular Basis of Variation in Sensitivity
The basis of the difference in these sensitivities is not known but, in principle, it can be assumed that the temperature cue is, in some way, sensed by larvae and this is transduced through a molecular pathway or cascade. The consequence of this process is different (quantitative, qualitative or both) gene expression and this is the basis of the switch between the heterogonic and homogonic routes of development. For individual worms, this process is a binary choice. However, this process applied at a population level will result in a change in the proportion of worms that develop by each route.
Variation in the temperature sensitivity of development could be brought about in many different ways. For example, different isofemale lines may have different thermosensory resolution. That is, at an extreme, a parasite line whose greatest temperature resolution was 6°would simply not 'recognize' the different temperatures to which it was exposed. Thus, variation in thermosensory resolution could be the basis of variation in temperature sensitivity. Alternatively, if thermosensory resolution was the same between different isofemale lines, the molecular mechanism that transduces such a signal could (positively or negatively) modulate that signal, such that the magnitude of the developmental output varied between lines in response to the same temperature input. This would imply a quantitative difference in the molecular mechanism that transduces the primary thermosensory signal. Differences in sensitivity could occur by either, or a combination, of these or other mechanisms. Determining and separating which mechanisms are operating will be difficult. However, implicit in these ideas is the concept that variation in sensitivity requires variation in the molecular processes underlying the development of the phenotype.
Some isofemale lines of S. ratti, apparently, show no heterogonic development (Viney et al., 1992) . This could mean one of two things. Firstly, these lines may, in effect, be mutants that have lost the ability to undergo heterogonic development. Alternatively, the sensitivity of their temperature response may be so low (i.e. the slope of the lines, as in Fig. 5 .4, is essentially zero) that no difference in developmental route is seen over the temperature range examined. This difference may appear semantic, i.e. there may be no response over a physiological temperature range. However, an important biological difference between these two possibilities is that parasite lines with a very low, or zero, sensitivity still have the genetic and developmental capability to develop by both developmental routes; thus future selection could alter their sensitivity and hence the developmental propensity of the line. Lines that have lost the genetic and developmental mechanisms to undergo one type of development will never recover from that position. The genetic basis of, and the way in which selection acts on, phenotypic plasticity and sensitivity are not understood despite much theoretical and some empirical attention (Schlichting and Pigliucci, 1998) . The diversity in phenotypic plasticity of S. ratti and in its temperature sensitivity demonstrates the deeper level at which phenotypic diversity occurs and suggests the multiple levels at which natural selection can act. It also highlights the obvious, but important, fact that such phenotypic diversity has an underlying genetic and molecular basis.
Developmental Route and Host Immunity
In addition to the effect of temperature on phenotypic plasticity, the host immune response is also an effector. A normal infection of S. ratti in rats lasts about a month. During this time, rats become increasingly immune and progressively lose their infection. This change coincides with an increase in the proportion of heterogonic development that occurs (Fig. 5.3 ). When immunocompromised, such as hypothymic (nude) or γ-irradiated, hosts are infected with S. ratti, development of the free-living generation is more homogonic compared with control infections (Gemmill et al., 1997) . Moreover, the predominantly heterogonic development of an established infection is reversed to predominantly homogonic development by the administration of corticosteroids (Gemmill et al., 1997) . Together, the results of these three methods of host immunosuppression show that host immune status affects the subsequent development of the free-living generation, with heterogonic development favoured in immune hosts. How this effect of host immunity on future development occurs is not understood. It may occur via the parasitic female as a consequence of the physiological stress imposed by the immune response. The host immune response presumably also changes the microenvironment and physiology of the gut and this may directly affect the eggs/larvae as they pass through the gut.
Interaction of Host Immunity and Temperature on Developmental Route
It has already been noted that the temperature sensitivity of developmental route is different for different isofemale lines when compared at one time point in an infection (Fig. 5.4 ). If this sensitivity is considered through an infection, it can be seen that the sensitivity increases during an infection (Fig. 5.5 ) (Harvey et al., 2000) ; here the difference in the proportion of larvae that develop into free-living females and iL3s at 19 and at 25°C becomes greater as an infection progresses. However, if the temperature sensitivity of larvae passed from immunologically intact animals is compared with that of larvae passed from hypothymic (nude) rats, it can be Population Diversity 91 seen that there is no change in the temperature sensitivity in larvae passed by hypothymic animals ( Fig. 5.6 ) (Harvey et al., unpublished) . Thus, the increase in the temperature sensitivity during an infection (Fig. 5.5 ) is dependent on host immunity. This may suggest that, as well as variation in temperature sensitivity, there is variation in sensitivity with respect to the host immune response. A priori, this is quite reasonable. Plastic phenotypes that respond to environmental factors have a variation in the sensitivity to that environmental factor, as has been seen for S. ratti and temperature. For parasitic nematodes the host is the principal environment, and the host's immune response is a prominent feature of that environment. Therefore, variation in sensitivities to host immune responses should not be unexpected. However, the observation that changes in temperature sensitivity are dependent on, or are affected by, host immune responses is difficult to understand. In summary, the life cycle of S. ratti contains a switch between two developmental routes. The developmental propensity phenotype varies between different isofemale lines and this can be altered by artificial selection. This shows that there is diversity for this trait both within and between parasite 92 M.E. Viney lines. The developmental phenotype is also affected by environmental temperature and host immunity. The effect of temperature varies between different parasite lines, as shown by different temperature sensitivities. The change in this sensitivity through an infection is dependent on host immune responses. Thus, this relatively simple life-history trait shows extensive, multi-level phenotypic diversity. The developmental phenotype is the result of a molecular genetic process. The phenotypic variation therefore requires that there is diversity in the molecular genetic processes underlying these phenotypes.
Phenotypic Diversity and Arrested Development
Many nematode parasites of vertebrates are able to undergo the facultative phenomenon of arrested development. There is phenotypic diversity in this life-history trait. Arrested development has been most thoroughly investigated in nematode parasites of cattle. In these instances, third stage larvae (L3) are ingested by hosts and the larvae moult, at which point they can arrest their development for several months (Gibbs, 1986) . Here, the phenotypic plasticity is between arrested development and 'normal', non-arrested development. There has been much debate on the factors that induce arrest. It appears that host immune effects can induce arrest, at least for some species of nematodes (Gibbs, 1986 ). An additional factor is the temperature experienced by the L3 in the external environment, with lower temperatures favouring arrested development (Gibbs, 1986) . However, this effect may be limited to parasite strains obtained from temperate regions (Gibbs, 1986) . Selection can alter the propensity for arrested development. This has often happened inadvertently such that the routine laboratory passage regimes have resulted in a significant reduction in the propensity for arrest (Michel et al., 1973; Watkins and Fernando, 1984; Armour and Duncan, 1987) . For Ostertagia ostertagi in cattle, it appears that arrested development in one generation favours arrested development in the following generation (Michel et al., 1973) . This work therefore showed the effect of one generation of selection for arrested development. A natural experiment that follows from this observation compared the propensity of O. ostertagi to arrest in cattle managed for beef production and in cattle managed for dairy production at the same location. This found that greater arrest occurred in the beef compared with the dairy cattle (Smeal and Donald, 1982) . This was thought to be due to the different timing and persistence of beef and dairy cattle on pasture, with the effect that there was a selective advantage for arrested development on beef pasture but no selective advantage to arrested development on dairy pasture (Smeal and Donald, 1982) .
Thus, for O. ostertagi there is good evidence that different lines vary in their propensity for arrest, and that this can be altered by selection. This also means that the base population contained diversity in the developmental arrest trait. Obeliscoides cuniculi, a parasite of rabbits, was artificially selected for increased propensity to arrest. This was highly successful after just five generations (Watkins and Fernando, 1984) . Together, these observations have clear parallels with the developmental switch of S. ratti.
The interaction of the factors that affect the propensity for arrest are not completely clear. It is probable that many of the observations of changes in propensity for arrest (above) are consequences of exposure to the timing, length and extent of arrest-inducing conditions, particularly temperature. Thus, similarly to S. ratti, developmental arrest is a phenotypically plastic trait that responds to environmental conditions. There is no information available about how different parasite isolates respond to arrest-inducing conditions. This would be worthy of investigation. However, it is not unreasonable to suppose that there are differences in the response of different parasite isolates to environmental conditions, i.e. there are different sensitivities to factors that affect the propensity for arrest.
Phenotypic Diversity and Immunology
For much of its life cycle a parasite's environment is its host. A principal, and potentially lethal, feature of this environment is the host immune response. Diversity in parasites' interactions with this aspect of their environment may therefore be expected. The host immune response varies between different hosts and so, if this is considered as a selection pressure, it may produce the ideal conditions for the generation of diversity in immune-mediated parasite-host interactions.
There is good evidence, for a number of helminth species, that different parasite lines vary in their infection characteristics in hosts, much of which is reviewed by Read and Viney (1996) . For example, different isolates of Trichinella spiralis vary in the kinetics of their primary infection in the same mouse strain. Crucially, these differences are removed when mice are immunosuppressed (Bolas-Fernandez and Wakelin, 1989) . Analogous observations have been made for Trichuris muris in mice. Different isolates differed in the kinetics of infection and expulsion. However, in immunosuppressed mice, all isolates had similar fecundity (Bellaby et al., 1995) . Combined, these observations show immune-dependent variation between parasite lines in their infection kinetics.
A number of attempts have been made to select on nematode immunerelated traits. Lines of Heligmosomoides polygyrus have been selected in hosts with different histories of previous exposure (naïve, once previously exposed, or multiply previously exposed). This resulted in parasite lines that differed in fitness when tested in semi-immune animals, with the lines selected in the hosts with greatest previous exposure surviving best and being most fecund (Dobson and Tang, 1991) . A further comparison of these selected parasite lines, in mice selected for high or low immune response to H. polygyrus or in unselected mice, also showed that parasites selected in previously exposed hosts survived better and were more fecund in all lines of mice (Su and Dobson, 1996) . An analysis of various immunological parameters during an infection showed that the parasite lines differed in the immune response that they induced in the mouse strains. For example, it was found that the parasite line selected in previously exposed hosts induced a lower level of IgG in all mice strains compared with the other parasite line. The parasite line selected in naïve hosts, which in general survived less well in all the mouse strains, usually induced a greater peripheral eosinophilia compared with the parasite line selected in previously exposed mice (Su and Dobson, 1996) . Thus, the functional measures of the host immune response (e.g. parasite survival and fecundity) are correlated (and, presumably, causally related) to the degree and nature of the host's immune response that was measured.
Taken as a whole, these observations show that parasite lines differ in an immune-dependent manner in their infection/expulsion kinetics. Furthermore, there is heritable variation in survival and fecundity in previously exposed hosts and quantitative variation in the immune response that selected parasite lines elicit. Again, taken as a whole, these observations have the necessary corollary that variation in these traits exists not only in laboratory-maintained isolates but also in helminth species in nature. The phenotypes under consideration here (infection/expulsion kinetics, survival, fecundity) are multifactorial life-history traits. Understanding the basis of variation in the components and interplay of these complex, immune-responsive phenotypes must be of crucial relevance to understanding the immunology of infections of parasitic nematodes. This is of particular relevance in view of current attempts to develop immunological methods of nematode control.
The interaction between helminths and their hosts' immune systems occurs at a molecular level, and thus the functional variation that has been seen in these experiments will ultimately have a molecular basis. Despite the widespread interest in the antigenic and surface molecule variation of parasitic protozoa in relation to host immune responses, there has been little analogous investigation in nematodes. There are, though, some isolated and tantalizing reports of molecular diversity of putatively immune-significant molecules. Individual infective larvae of Ascaris lumbricoides vary in the surface binding of antibody from different donors (Fraser and Kennedy, 1990) . With some donor serum, all larvae responded similarly, whereas with other donors there was considerable heterogeneity between individual infective larvae. Although the basis of this heterogeneity is not known, one possibility is that it is due to antigenic diversity within the parasite population (Fraser and Kennedy, 1990) . A similar observation has been made for T. trichiura. A comparison of human immune responses against individual T. trichiura, measured by Western blots, appears to show antigenic differences between individual worms (Currie et al., 1998) . Both of these studies found variation between individual worms in their recognition by serum from individual donors. This finding implies that there was also heterogeneity in the worms that infected the hosts that eventually became the serum donors. Individual infective larvae of Onchocerca lienalis have been observed to have minor molecular weight heterogeneity of a 23 kDa molecule (Bianco et al., 1990) . These observations show that there is qualitative molecular diversity of putatively important antigens. Differences such as these, or quantitative differences in certain molecules, or combinations of both, may be the basis of the different immune responses elicited by different parasite lines observed by Su and Dobson (1996) .
Investigation of the diversity in the interaction of parasitic nematodes with host immune responses and its molecular basis is an underinvestigated area. It is clear that, when looked for, there is diversity in immune-dependent interactions and immune-significant molecular heterogeneity. There is a need to extend these studies, especially given the continued attention towards the development of nematode vaccines. The host immune response is a strong selection pressure on parasitic nematodes. The use of a vaccine based on an individual antigen will act as a strong selection pressure on the target parasite population and there should perhaps be concern that this will select for strains that are 'immune' to the effects of such a vaccine.
Summary So Far
Of the examples considered above, two are of phenotypic diversity in a life-history trait where the life-history trait under consideration is clearly a facultative phenomenon. That is, for developmental route in S. ratti and for arrested development, there are distinct, mutually exclusive developmental routes. Thus, diversity in these traits between different parasite lines is relatively easy to observe, as is the response to selection. Both these traits are, in part, affected by environmental conditions and so are phenotypically plastic. For S. ratti, variation in the sensitivity of this plasticity can also be seen. Although environmental sensitivity of arrested development is as yet uninvestigated, by analogy with S. ratti it is likely to vary.
The third example considered the interaction of life-history traits (survival rates, fecundity, immunogenicity) with an environmental factor specific to parasites, namely the host immune system. Here phenotypic diversity in response to environmental conditions (host immunity) is not so readily apparent. To observe phenotypic diversity, different parasite lines need to be compared in their kinetics of infection and, to show immunedependence, these must be complemented by control experiments in immunosuppressed hosts. Experiments seeking to select on this diversity require a very significant effort (see Su and Dobson, 1996) and, not surprisingly, are rather rare. However, on the few occasions when such endeavours have been undertaken a response to such selection is readily apparent. Such studies are very much in their infancy and much work needs to be done, but one conclusion from these observations is that phenotypic diversity and plasticity in parasitic nematodes exist. This should come as no surprise, since diversity in life-history traits and diversity in their interaction with the environment are likely to be the rule rather than the exception. Given this, where else may we expect to find other interesting and important diversity?
Parasite Modulation of Host Immune Responses
Many parasitic nematodes survive in their hosts by actively altering the host's immune response. This is particularly well known for human filariasis, in which the induction of specific T-cell subsets is inhibited by an active infection (Maizels et al., 1993 (Maizels et al., , 1995 . Also, for H. polygyrus (Nematospiroides dubius), the presence of adult worms in the intestine causes suppression of the immune system, such that challenge infections are successful (Behnke et al., 1983) . The molecular details by which such parasite-dependent immunomodulation occurs are not yet understood. Presumably, the parasites produce and release various effector molecules that interact, and thereby alter, the host's immune response. There is obviously a strong positive selection pressure acting on parasites for any mechanism that will allow parasite survival in the face of a host's immune system. More specifically for immunomodulatory methods, a priori, the selection is equally strong -the consequence of not doing so is death. However, these mechanisms are also, presumably, energetically expensive. Therefore an advantageous strategy for an individual is to cheat. In this way, an individual parasite would not induce host immunomodulation but, rather, would rely on the immunomodulatory effects of coinfecting parasites. It is not known whether this happens, but such a strategy may be predicted from evolutionary considerations; indeed there are many precedents for such 'cheating' survival strategies with many other animals. It is not known whether immunomodulatory cheating occurs for parasitic nematodes, but then it has never been looked for. There is also the intriguing possibility that the prevalence of 'cheating' in a host population is related to the pattern of distribution of an infection within a host population, since this is related to the probability of being with non-'cheating', coinfecting parasites. Immunomodulatory 'cheating' may be seen in a parasite population as individual parasites (or sub-isolates) that do not cause immunomodulation. Perhaps this is happening all the time, but in the laboratory is seen as 'experimental noise'.
Consequences of Laboratory Maintenance
Many species of parasitic nematodes are maintained in the laboratory in host species in which they are not found in nature. This has the potential consequence that the laboratory population is, in some way, different from the natural population. Transfer and adaptation of a parasite from a natural host into a different species in the laboratory entails a process of selection. The selection will act on the trait 'ability to survive in a nonnatural host'. Most of the parasite population may have had little, or indeed no, ability to survive in the non-natural host. Thus, at its most extreme form, this selection will have been for the very small proportion of the parasite population with the ability to survive in a non-natural host. A consequence of this is that the parasite population will have gone through a genetic bottleneck.
Despite the potential importance, not to mention intrinsic interest, of the genetics of host specificity, this process has received only limited experimental attention. The most complete study is of Nippostrongylus brasiliensis, a natural parasite of rats. This was selected for 40 generations in the hamster (Mesocricetus auratus) and was found to have significantly increased its establishment rate in hamsters after eight generations without a reduction in establishment rate in rats (Haley, 1966) . Similarly, two studies passaged N. brasiliensis through mice and both found a significant increase in its establishment rate after relatively few generations (Solomon and Haley, 1966; Westcott and Todd, 1966) . When these mouse-adapted lines were then tested in rats, different results were obtained. Westcott and Todd (1966) found that the adapted lines did less well in rats, whereas Solomon and Haley (1966) found no difference. These studies show that N. brasiliensis does adapt to new host species and we can therefore infer that base populations contain variation for the trait 'ability to survive in a non-natural host'. As discussed above, the consequence of such as process is that a laboratory population under study may be a small, unrepresentative sample of the natural parasite population both in terms of adaptation to a host species and in its genetic diversity. It is probable that the immunological interaction between a parasite and its host is a major determinant of the success of the transfer of a parasite to a non-natural host. If this is so, subsequent immunological studies of that parasite may be little short of irrelevant to the natural host-parasite relationship (Gemmill et al., 2000) . However, it is also clear that the nature of adaptation of parasites to new host species is an under-investigated area. This is despite the fact that understanding the nature of the laboratory populations that we work with would seem to be rather basic to being able to understand the significance and relevance of laboratory data to field situations.
A regular, routine passage of laboratory infections (in natural or nonnatural hosts) may well act as a selection process in itself. Thus, in natural infections the stages that are produced to allow transmission to new hosts will be sampled in an essentially stochastic way. For example, Ascaris eggs pass into the environment and remain there until a new potential host is contaminated. A priori, the particular eggs that contaminate this new host are a random sample of the available eggs. The maintenance of a similar life cycle in the laboratory based on a fixed protocol would, typically, collect infective stages on day N post-infection and use this material to infect new animals. Iteration of this would act as a strong selection pressure on the trait 'produce infective stages on day N '. The response to the selection will depend on the variation in this trait present in the population. Indeed, selecting for this trait may not matter very much for molecular biology studies. However, inadvertent selection on a life-history trait may make subsequent work on life-history traits in that parasite line little more than meaningless.
Concluding Remarks
Other contributions to this book have taken a molecular view of parasitic nematodes, yet molecules make only a rather brief appearance here. This chapter has tried to show that parasitic nematodes are fascinatingly and tantalizingly diverse at a phenotypic level. It has focused particularly on diversity in phenotypes that are apparent in response to environmental conditions within or outside a host. The interaction of parasites with within-host factors is a major current research effort. However, helminth immunology is particularly notable for its inattention to diversity, especially when compared with the immunology of parasitic protozoa (Read and Viney, 1996) . Observations of the interaction of host immunity with subsequent development in S. ratti show the potential power of such interactions. It is also clear that a principal mechanism of the action of host immune responses is against nematode fecundity (Stear et al., 1997) . This is likely to be a molecularly complex interaction. Understanding this interaction, as well as variation in the interaction is interesting, but could also form the basis of control by transmission-reduction rather than eradication per se.
Much of the work described elsewhere in this book is trying to understand the molecular basis of various aspects of the biology of parasitic nematodes. The phenotypic diversity considered here, such as the different temperature sensitivities of S. ratti, will have a molecular basis. Understanding this for any organism is a major research challenge, but understanding immune-relevant analogues has special and applied relevance for the study of parasitic nematodes. Apparently complex traits need not have a complex molecular basis. For example, natural isolates of the free-living nematode Caenorhabditis elegans vary in their feeding behaviour (solitary versus social). This difference has been found to be due to different isoforms of a putative neuropeptide receptor (De Bono and Bargman, 1998) .
Investigating phenotypic diversity is not easy. A basic requirement is to have different lines of parasite available and in natural host species. However, being aware of the possibility of variation between individual worms would be a start. The few studies that have molecularly considered individual worms (Bianco et al., 1990; Fraser and Kennedy, 1990; Currie et al., 1998) have found variation between individual worms. Such variation may be the basis of some experimental 'noise'. Perhaps efforts should be focused on this noise? The phenotypic diversity that exists in natural, and even laboratory, populations of nematodes is maintained there by natural selection. This tells us, anthropomorphically, that such diversity matters to parasitic nematodes. It is hoped that this chapter has shown that it should also matter to us.
